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1, STUDY OBJECTIVES

This study-was conducted to estimate the compressibility of plasrback
SDHE telemetry data from future OAO series satellites and to develop an
implementation plan for processing and transmission of the compressed SDHE
telemetry data from the data acquisition stations supporting the OAO project to

the OAO Control Center at NASA /GSFC.

2. SCOPE OF REPORT

This report contains the results of both Phase I and Phase II of the
"OAQ Data Compression Study" performed under NAS5-10509., The technical

material presented in this report covers the following major items:

(1) An analysis of the compressibility of the SDHE telemetry
data based upon a detailed examination of this data from
the OAO~A1 spacecraft with estimated extrapolations to
the case of future OAO spacecrafts;

- {2) An evaluation of three possible conceptual configurations
for the data compression and transmission of SDHE data
from a Remote Control Station to the OAQ Central Control
Station over NASCOM Communication Circuits;

(3) The refinement of the specifications and the performance
analysis of the most promising of the three configurations
discussed above to include the constraints imposed by
existing or planned station equipment, opérational
procedures and message formats; and

(4} The development of a proposed approaéh for the reconstruction
of compressed SDHE data within the SDS-930 computer at
the OAO Central Control Station.

» 1
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3. ANALYSIS OF COMPRESSIBILITY OF OAO-SDHE TELEMETRY DATA

3.1 ~ SDHE Telemetry Format , : .

The first step in analyzing the compressibility of the SDHE data was
fo perform a detailed study of the SDHE telemetry format,  Figure 1 is a
diagram of the SDHE telemetry format. A frame of telemetry data consisfs of
65 words of 26 bits each. The first bit of each word may be considered as a
filler bit which does not contain any significant information. The ZGth bit of
each word is an odd parity bit. Thus, the data content of the telemetry word is
contained in the remaining 24 bits. The data content of the SDHE telemetry

frame can be functionally divided into the following four categories:

(1) SDHE Telemetry Control (Words 0 to 2).
(2) Gimbal Data (Words 3 to 26).

(3) Bi-Level Data (Words 27 to 32).

(4) Analog Data (Words 33 to 64).

The following section notes certain peculiarities existing within the

SDHE telemetry format.

The gimbal angle data (Words 3 to 26) is internally stored within the
0S80 satellite on a magnetostriétive delay line whose circulation time is asyn-
chronous with the SDHE frame rate, Although each of the 24 gimbal angle
measurements will be monitored somewhere within this 24-word field of the
SDHE format; the word location is variable and it is necessary to examine the

~ address field of the W’ordv 3 order to determine the order in which the gimbal

angle data will be telemetered for the current frame.

The commanded gimbal angle is transmitted in the reverse bit order
from that of the rest of the SDHE data. While the Magnavox PCM/DHE is able
to handle data received either least significant bit first, or most significant bit

first, it is unable fo handle a format which contains data in both of these forms.

2
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. The fourth bi-level word (Word 30) is' sub-subcommutated in a peculiar
manner. A complete cycle of Word 30 would be: 4A, 4B, 4C, 4D, 4A, 4B, 4C, 4E.
To determine the current position of commutétion cycle it is necessary to
examine three bits contained in the previous bi-level word (Word 29). The fifth
and sixth bi-level word (Words 31 and 32) are subcommutated to a single level.
However, the subcommutation on these words is synchronous with the main
frame. Therefore the Program Code Field of Word 2 will identify the current

state of the subcommutation ofv Words 31 and-32. .

3.2 Word Size Consideration for Data Compression

Before attempting to analyze the compressibility of the SDHE data it is
necessary to decide on the format of the SDHE data as it enters the data com-
pressor and also the format of the non-redundant compressed data as it leaves
the compressor. Since sensor measurement to precision of 1 bit, 8 bits,

12 bits, 15 bits and 17 bits are found in the SDHE format, no single word length
would fit all SDHE sensor data in a natural manner. Of course, the comprés-—
sion algorithm and encoding procedure could be implemented to recognize, com-
press and encode all data points in their natural word length; however, this
would greatly complicate the compression and encoding procedure (whether done
by hardware or software) and would make data reconstruction by the SDS-930 at
OAQO Control Center considerably more diffig:ult. In addition, a very severe
buffer problem would result during periods of low compressibility if the bi-level
data were encoded on the basis of an individual sensor (1~bit). This results
from the fact that a minimum of 9 address bits would be required for every non-

redundant bi-level data bit.

7 Having rejected the variable word size approach for the compressed
-data it became apparent that an 8-bit word length was the best choice to satisfy

the overall SDHE format requirements. The considerations contributing to that

decision were the following:

ADVANCED COMMUNICATIONS ¢ RESEARCH AND DEVELOPMENT
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1) All of the analog sensors, which represent half of the SDHE
frame, are encoded to 8-bit accuracy.

2) By omitting the least significant bit of the error gimbal
angle measurements, all gimbal angle parameters can be .
~ eonvenlently subdivided and processed separatelyas amost
significant 8-bitword and a least significant 8-bit word.

'3) Bi-level pseudo-words of 8-bits can be assembled from 8
bi-level sensor bits and can be processed in that form
using a zero aperture tolerance.

4) An 8-bit address field will suffice to identify any non-
redundant measurement in an SDHE frame provided all
measurements are assembled into word lengths not less
than 8-bits.
For the above reasons it is recommended that the SDHE data words of
24 information bits be subdivided into three data syllables of 8-bits each and
that each syllable be processed independently. Where the assembled 8-bit syl-
lable corresponds to an 8-bit analog measurement or least S1gn1f1ca.nt portion
of an error gimbal angle a non-zero data compression aperture may be
selected consistent with the fidelity requirements of the reconstructed data.
However, for the case of all pseudo—words which represent bi-level data or the
most significant portions of more precise measurements, a zero aperture tol-
erance must be selected in order to assure proper data reconstruction. The
output from the data compressor will be a 167bit non-redundant data word con-

sisting of an 8-bit address field and an 8-bit magnitude.

3.3 Data Compression Algorithms

A number of data compfession algorithms have been developed for
reducing the bandwidth requirements of telemetry data. References 1 through 4
give a thorough discussion of this topic. Figufe 2 shows a breakdown of the
various types of data compression algorithms. For the present application we

will limit our interest to the redundancy reduction category and specifically to

5
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‘the polynomial predictors and interpolators. Based upon an evaluation of a
number of predictor‘ and interpolator algorithms, it has been found 2,3 that for
most typical telemetry data the two dlgorithms which perform best from cost-
effectiveness considerations are the zero order predictor (ZOP) and the first

order interpolators.

Figure 3 is an illustration of the ZOP alg'orithm. With this algorithm
the first data point (yt) is transmitted and thereafter the algorithm predicts
that all subsequent samples will fall within the corridors given by i + K where
K is a predetermined constant for that sensor. If this condition is met, then
the received data point is not transmitted. However, whenever the sampled
value Yy falls outside the Y + K limits, the new value, Yy is transmitted and
the + K aperture limits are then placed around Yy to form the basis for sub-
sequent data sample tests. Figure 3 illustrates the redundant and non-redundant

samples obtained using the ZOP algorithm.

The first order interpolator is shown in Fig. 4. In this illustration Y,
is a previously transmitted data sample. The first order interpolator algorithm
attempts to form the longest possible str;aight line segment such that the distance
from the derived line segment to any one of the received data points along the
line does not exceed a predetermined peak error given by + K. In this illustra-
tion the line segment was terminated at Yirg because any attempt to extend the
line segment to yt +7 ©F beyond}would have violated the previously established
error tolerances. A new line segment will be started at Yirg and an appro-
priate message will be transmitted which will identify the end point of the first

segment and the starting point of the next segment.

While the first order interpolator can achieve higher bandwidth reduc-
tion than ZOP for certain classes of data, analysis of OAO data revealed that
this additional sophistication cannot be justified for this application. Figure 5

illustrates the effect of the ZOP algorithm on an actual sample of telemetry data.

7
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3.4 Compressibility of SDHE Telemetry Data

An estimate of the compressibility of OAO SDHE telemetry data was
obtained from the examination of a 35 mm film supplied by GSFC which con-
tained the actual received waveforms from all the SDHE sensors taken from
OAO-A1l on Contacts No. 2, 3, 9, 10, 11, 12, 18 and 19. It was not possible
to get an accurate estimate of the normal activity of all SDHE sensors due to
the fact that 1) the spacecraft was not propeﬂy stabilized during this time
period, and 2) short-circuiting had occurred within several strings of telemetry
sensors resulting in a number of sensor outputs being tied.together. Neverthe-
less, it was possible to gain considerable insight into the normal functioning of
the SDHE sensors which were not affected by the short-circuiting and were not

excessively influenced by the lack of proper attitude control.

Farly in the investigation it became 'apparent that the compressibility
of the SDHE would be influenced to a considerable extent by the current mode
and status of the attitude and control subsystem. It was decided to attempt to
estimate the compressibility of the SDHE data separafely for the cases 1)4 where
the attitude of the spacecraft is properly stabilized and 2) where the satellite is
in the process of slewing. Figure 6 summarizes the estimated compressibility
of the OAO-SDHE data in both the slewing and non-slewing mode. A discussion
of some of the items included in Fig. 6 is contained in the remainder of this
section. One possible point of confusion concerns the figures given in the col-
umns ""Average Number of Bit Required in Compressed Frame, " of Fig. 6. In
Sec. 3.2 it was decided that all compressed data points be encoded into a 16-bit
word consisting of an 8-bit address and an 8-bit magnitude. The fact that the -
figures in these columns are not,. in general, ihtegral inultiple of 16-bit results
from taking an average over a very large number of frames. In any single com-
pressed SDHE frame there will-be an integral number of 16-bit compressed

data words.

11
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3.4.1 Telemetry Control Data

The Telemetry Control Data consis’ts of Words 0, 1 and 2 of the SDHE
frame and contains information to synchronize, time tag and identify the data
presented in the remainder of the frame. Because most of the fields within this
po'rtion of the SDHE frame are highly predictable, the compressibility of the
telemetry control section can be estimated more accurately than the following
sections of the frame. The compressibility of this data is completely indepen-

dent of the attitude control status of the spacecraft.

Because of the shorter average length of a compressed SDHE frame it
was felt that there was no need for a long frame sync pattern in the compressed
data. However, for time tagging and data reconstruction purposes it is neces-
sary to identify the reception of every SDHE frame even if the data portions of
the frame are completely redundant. A unique 16-bit word will adequately serve

to identify the start of a compressed data frame.

Word 1 contains a 12-bit identification field and a 12~bit spacecraft
time field. The ID field is completely redundant. The 12-bit time word would
be processed in two data syllables, one of which would contain the 8 least sig-
nificant bits of time and the other containing the most significant 4 bits along
with 4 bits of ID. Since the least significant bit of spacecraft time changes
every 15 spacecraft seconds (15. 75 actual seconds), the ZOP (using an error
tolerance of K = 1) will encode a compressed least significant time word once
every 10 SDHE frames. A change in the most significant time word will occur

only once every 2480 SDHE frame and contributes only an insignificant amount

- to the overall bandwidth.

Word 1 contains two 8-bit syllables for Program Code and one syliable

for the Command Memory Address Register (CMAR). In general, the Program

13
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Code syllables will be non-redundant and will result in two 16-bit compressed
data words. The CMAR field will change much less frequently than the SDHE

frame rate and will therefore be highly compressible.

3.4.2 Gimbal Data

Words 3 to 26 represent 24 gimbal angle measurements. A '"com-
manded angle'' and "erfor angle' are monitored for both the inner and outer
gimbals of each of the six star trackers. The "commanded angle" changes
only at the begihning of each slew and remains static until the next slewing
operation. Therefore the 12 commanded gimbal angles are almost completely

redundant both during the slewing mode and:the non-slewing mode.

For the error gimbal angles there will be a very 'significant difference
between the slewing and non-slewing mode. In the non-slewing mode the star
trackérs will be locked onto stationary targets and only very nominal variations
are expected. It is assumed that the error tolerance (K) can be set such that
the ZOP data compressor will find these error gimbal angles almost completely
redundant. On the other hand, the error gimbal angles will change Quite rapidly
during a slewing operation. For this case it is assumed that the least signifi-
cant syllable of the gimbal error angle is completely non~redundant and twelve
compressed data points will be produced per SDHE frame. Actually there Will'
probably be some redundancy in this data, but in order to derive a conservative
estimate complete non-redundancy Willlbe assumed. However, -even during a
slew the most significant syllable of the error gimbal angles will possess con-~
siderable redundancy. Assuming an average slewing rate of 0.1 degree per
~ second over the entire slew (including settling time) a sample compression ratio

of 8 can be achieved.
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| 3.4.3 Bi-Level Data

An estimate of the compressibility of the bi-level data was obtained by
observing the frequency of tré,nsitions in a group of 20 bi-level sensors present
in the OAO-A1l data. Over an extended observation period it was determined
_ thai the average probability that a given bi-level sensor would make a transition
between any two adjacent sample times was 0.02. Therefore if 8 bi-level sen-
sors are assembled into a pseudo-word and if there is statistical independence
between sensors, then the probability (P) that a change in any one of the 8-bit

positions will occur between two successive samples of this word is given by

P=1- (1-—0.02)8 =0.15

This figure results in a sample compression ratio of 1/0.15 or 6.7. In talking
with various GSFC personnel concerned with OAO it was learned that the high
activity rate on the bi-level sensors observed in the OAO-Al telemetry was due
in part to improper attitude control of the spacecraft and would not necessarily
be typical of bi-level data obtained from a future OAO satellite. Nevertheless,
a sample compression ratio of only 6.7 was used as a basis for estimating the

bi-level compressibility both in the slewing and non-slewing modes.

3.4.4  Analog Data

' Since the analog data represents almost exactly half of the total SDHE
frame, the compressibility of this portion will strongly influence the overall
SDHE compressibility. The analog data is subdivided into two sections: Words
33-52 represent the Operational or Environmental Group, and Words 53-64
represent Analog Group A, B, C or D. There is synchronous subcommutation
of each of these groups onto the SDHE frame and thus a complete analog readout
occurs once every four frames. Analysis of the instrumentation lists reveals the

following subdivision of the uncomprgassed bandwidth devoted to the analog data:

15
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PERCENT OF UNCOMPRESSED

SENSOR CATEGORY ANALOG BANDWIDTH
Attitude and Control Sensors 249,
(including magnetometer data) -
Power Supply and Cqmmunications 49%
System Status Sensors
Thermal Sensors : 23%
Pressure and Miscellaneous Sensors 4%
100%

Although much of the analog data from OAO-Al was unusable due to
equipment malfunction, the analog sensors output which was not adversely
affected was analyzed. It was found that an average sample compression ratio
of 15 could be achieved without undue impairment to the fidelity of the recon-
struc;ned data. Since during the period that these OAO-Al analog measurements
were taken the spacecraft was not properly stabilized, the above sample com-
pression ratio has been taken as the estimate for the slewing mode case. A
considerably higher samﬁle compression ratio is expected for the non-slewing
mode due to the reduction in activity of the attitude and control sensors and also,
to a lesser degree, the thermal sensors. For this case, a sample compression

ratio of 25 has been estimated.

3.5 Overall SDHE Compressibility

By combining the weighted estimates of the compressibility of each
type of data in the SDHE frame, bandwidth compression ratios for the entire
SDHE frame of 11,0 and 4.1 are obtained for the non-slewing and slewing cases,

" respectively. An .ox'reré‘tll bandwidth compression ratio of 9. 26 was obtained |
using the assumption that the spacecraft vs}ill be actively slewing only 10% of the

time,

16
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4, PRELIMINARY ANALYSIS OF POSSIBLE SDHE
. DATA COMPRESSION CONFIGURATIONS

4.1 General

In this séction three different equipment configurations will be analyzed
to process the SDHE data and to provide an accurate transfer of the compressed
data from the remote station to the OAO Control Center at NASA/GSFC. The

specific functions which must be performed by this system are the following:

— input OAO SDHE telemetry data from PCM/DHE or digital
magnetic tape;

— perform data compression;

— format compressed data in NASCOM compatible blocks;

— perform error detection encoding;

— control data transmission of encoded block;

— receive acknowledgment messages from OAO central;

— perform error" detection decoding of acknowledgment mességes;

— retransmit blocks received incorrectly at OAO central.

In the firsf two configurations considered, the AD/ECS-37 performs
the data compression function using the ZOP algorithm. To derive an accurate
estimate of the ability of the AD/ECS-37 computer to perform the function, it
was necessary to flow-chart and efficiently program the inner program loops
of the ZOP algorithm. Figure 7 is a flow chart of the normal ZOP processing.
The Appendix contains the assembly coding of the most frequently executed
loops involved in the SDHE data compression. The purpose of performing this
coding was not to produce a finished program but rather to permit a fairlyaccu-
rate estimate of the processing time involved. No attempt was made to code
those sections of the program which would be entered only under very unusual
situations although a finished program would have to provide for all contingen-

cies, however rare.

17
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SDHE Telemetry Data Using Zero Order Predictor
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For the most commonly traversed sections of the ZOP software algo-
rithm every attempt has been made to produce efficient coding. Undoubtedly
further minor improvements can still be made in the codiﬂg; however, it is
believed that the present coding would perform the ZOP algorithm in a nearly
optimum manner for the AD/ECS-37 computer. The estimate of the time

required to perform the SDHE data compression is based on the sample cod-

ing contained in the Appendix.

4.2  Configuration A

Figure 8 shows the equipment set up and principal characteristics of
Configuration A. In this case the SDHE telemetry data which was originally
recorded on the FR-600 at the ground station at a 66, 688 bits/s rate is played
back at a slower speed into the PCM/DHE. The AD/ECS-37 receives the
assembled SDHE data words from the PCM/DHE and performs the data com-~
pression message formatting, error detection encdding, message queuing, and
message transmission control. The playback data rates from the FR-600 are
restricted to be equal to the recording rate (66, 688 bits/sec) times some nega-
tive power of two. The problem then'rec'iuces to finding the fastest of these
quantized data rates such that the AD/ECS-37 can keep up with the resulting
input rate from the PCM/ DHE. Figure 8 shows the fraction of the available
processing time required to perform the various required functions for an
input data rate of 2084 bits/s for the non-slewing case (-N = 11.0) and the
slewing case (.I:I =4,1). While there is a small amount of estimated reserve
capacity in both of these cases, the amount is not sufficient to perrxiit a doub-
ling of the data input rate. Therefore the maximum FR-600 playback rate is
limited tlo 2084 bits/s and at this rat.e it Would take 50 minutes to compress,
format, encode and transmit the SDHE telemetry back to GSFC if there were
an interval of 100 minutes between SDHE playback interrogations. In addition,
this configuration results in only a 12% utilization of the communications cir-

cuit to GSFC.
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* The symbol N refers to the bandwidth compression ratio.

Maximum SDHE Input Rate: 2 X 1042 Bits/s

Advantages: No Additional Equipment Required

Disadvantages: 1) Lengthy Delay in Sending Data to GSFC

2) Poor Communications Circuit Utilization
(12% Average Duty Cycle)

Periods of Low SDHE Compressibility
0

3) Lack of Adequate Reserve Capability During

AD/ECS-37 Computer
- Input & Compress Data
- Format & Encode Data Data Data
FR-600 o PCM/DHE # -~ Control Data Transmission —p4 Transmission M -aem ¥
: - Receiving & Decode Acknow- System °
ledge Messages and Direct
Retransmission When Neces-
sary :
R-2476
Fig. 8 Configuration A Characteristics
AD/ECS-37Duty Cycle
Functions Performed by AD/ECS-37 Computer N=11.0" N=4,1"
Input SDHE Data at 2084 Bits/s 10.76%  10.76%
Perform Zero-Order Predictor Test (Does Not Include 51.00% 51.00%
Special Processing on Non-redundant Data)
Perform Special Processing on Non-redundant Data 3.25% 8.82%
NASCOM Block Formatting ' 0.39% 1.04%
Error Detection Encoding 3.36% 9.08%
Error Detection Decoding for Acknowledge Messages 3.36% 9.08%
Data Transmission Control (Through Block Buffers) ' 0.39% 1.04%
Estimated Reserve Capability 27.49% 9.18%
TOTALS 100.00% 100.00%

Time to Compress and Process Entire Playback Message: 50 minutes

2
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4.3 Configurationi B

This configuration is shown in Fig. 9 and is similar to the previous
configuration except that the uncompressed SDHE data is received from a digital
magnetic tape unit. The generation of the digital magnetic tape containing the
uncompressed SDHE data is assumed to be performed by a separate off-line
process. Since the transfer of a block of information from the magnetic tape to
the AD/ECS-37 is under direct computer control, the computer can conveniently
vary the input data rate to adapt to its present workload. In this way, the pos-
sibility of buffer overflow is completely eliminated and also this scheme will
permit full utilization of the computer's capacity. For an overall bandwidth
compression ratio of 9. 26, an average bit input rate of 3050 bits/s isbelieved
possible. This would permit the compression and transmission of 100 minutes

of recorded SDHE data in a total of 35 minutes.

While this configiration is an improvement over Configuration A in
speed and communication circuit utilization, the results are still generally
unsatisfactory. In addition, the maintenance of digital magnetic tape units at

remote stations might prove to be a serious problem.

4.4 Configuration C

In this configuration, shown in Fig. 10, a special~-purpose processor is
used to perform the data decommutation and compression. The compressed
data points (16 bits) are stored in a self-contained core memory and are inputted
to the AD/ECS-3T7 in blocks of 64 words through the BI buffer. By relieving the
AD/ECS-37 of the decommutation and corhpression functions, more processing
time is made available for the computer to perform the NASCOM block format-

ting, error detection encoding and transmission control.

The special-purpose processor would be designed’to input the SDHE
data from the PCM/DHE, to identify each data syllable by a decommutation

21
ADVANCED COMMUNICATIONS ¢ RESEARCH AND DEVELOPMENT




AD/ECS-37 COMPUTER
- Input & Compress Data

T

Digital - Format & Encode Data
Magnetic » - Control Data Transmission g——
Tape Unit - Receiving & Decode Acknow-

ledge Messages and Direct
Retransmission when Necessary

R-3477 .

Dota
T .. Data
ransmission  fa——sl 0y 0o
System

Fig. 9 Configuration B Characteristics

Functions Performed by AD/ECS-37 Computer

AD/ECS-37 Duty
Cycle (N = 9.26)

Input SDHE Data from Digital Magnetic Tape at
Average Bit Rate of 3050 Bits/s

Perform Zero—Order Predictor Test (Does Not
Include Special Processing of Non-redundant Data)

Perform Special Processing on Non-redundant Dafa

NASCOM Block Formatiing

Error Detection Encoding

Error Detection Decoding on Acknowledge Messages

Data Transmission Conirol (Through Block Buffers)
TOTAL

Average SDHE Data Input Rate: 3050 Bits/s

4.09%

74.54%

5.55%
0.67%
7.14%

7.14%

0.87%

100.00% -

‘Time to Compress and Process Entire Message: 35 minutes

Advantages: Eliminates any Possibility of Buffer Overflow

Disadvantages: 1) Lengthy Delay in Sending Data to GSFC

2) Poor Communications Circuit Utilization

(17% Average Duty Cycle)

3) Additional Maintenance and Reliability Problems
Associated with Digital Tape Drives
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Drum
Memory
[}
' Special 37 Data Transmission]
FR-600 PCM/DHE Purpose égr{)icust; &  System .
‘ Processor dand Modem

#-3478

Fig. 10 Configuration C Characteristics .

Functions Performed by Special Purpose Processor
® Input SDHE Data From FR-600 at 16,672 Bits/s
¢ Decommutate SDHE Data:

Perform Zero-order Predictor Test and Compressed Data-point
Formatting for Non-redundant Data

° Queue Compressed Data-points for Input to AD/ECS-37 Through BI
Buffer v '
Functions Performed by AD/ECS-37 Computer

Input Compressed Data-points from Special Purpose Processor
Through BI Buffer

® NASCOM Block Formatting
Error Detection Encoding

Data Transmission Control

Maximum SDHE Input Data Rate: 16 X 1042 Bits/s
Time to Compress and Transmit Entire Message: 6 minutes

Advantages: Minimum Transmission Delay to GSFC Efficient Utilization
of Communication Circuit

Disadvantages: Special Purpose Processor Required. Approximately
12,000 Words of Drum Memory may be Required for Output
Buffering During Periods of Peak Activity

Note: No Drum Memory Required»if Input Data Rate Reduced to
8 x1042 Bits/s
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process and to apply the ZOP algorithm to each data sylle{ble. The processor
will contain a core memory which will serve as the reference memorj); for the
ZOP processing as well as temporary buffer storage for the compressed data
points. The capability will exist for AD/ECS-37 to load the reference memory
in ;)rder to change error tolerances on any or all of the SDHE sénsors. A
recommended set of specifications for the special purpose processor is

contained in Appéndix B.

Input ‘data rates up to 250, 000 data samples per second are well within
the state-of-the-art so that the overall data compression and transmission time
would be determined solely by the other system constraints. In this case the

two constraints which limit the maximum input data rate are: 1) the information

bandwidth limitation of the communication link to GSFC (using the NASCOM 600~
bit fofmat) of 1920 bits/sec, and 2) the processing capability of the AD/ECS-317
to format, encode and provide transmission control. If the FR-600 is set to

read the SDHE datainto the PCM/DHE at 1/4 of the rate at which it was dumped,
the resulting input rate of 16, 672 bits/sec to the special-purpose processor will
permit 100 minutes of SDHE data to be processed and transmitted in 6-1/4 min-

utes.

Because of the fast input rate achievable with this configuration, the
possibility exists for a sizable buffering problem within the AD/ E’CS.—B’? during
periods of low compressibility. For instance, assume that the OAO satellite
requires three minutes to perform a slewing operation and that during this entire
period the average bandwidth corhpression ratio is 4.1. If the FR-600 is run-

- ning at} a.16, 672 bits/sec rate, the average output rate from the special-purpose:
processor will be 16, 672/4.1 or 4060 bits/sec. However, since the communi-
cations link can only accept 1920 information bits/ sec. , the AD/ECS-37 must
provide for a net buffer increase of 4060-1920 or 2140 bits/sec for the entire
three-minute period. At the end of this period the amount of data to be buffered

will increase to a total of 12, 060 AD/ECS-37 words even assumipg that two.

24
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16-bit compressed data points are stored per word. This buffering requirement
exceeds the capacify of the main computer memory but could be contained in the
32,768 words of drum memory; On the other hand, a reduction 6f the FR-GO‘O
input rate to 8,336 bits/s would permit the buffering to be handled with a core-
memory although the total tifne to compress and transmit the SDHE data would

be increased to }2-1/2 minutes by this method.
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5. SELECTED DATA TRANSMISSION CONFIGURATION

5.1 General

The configurations discussed in the préceding section were considered
only on the basis of their ability to compress and transmit playback SDHE data
from remote stations back to the OAO Control Center. In addition to the play-
back SDHE data, there is a need for transmitting many other types of data
between the remote étations and the OAO Control Center. It would be highly
desirable if the compressed playback SDHE data could be handled in the same
manner as other message types, thus eliminating the necessity for special

communications equipment or interfaces,

The anticipated means of communication between the OAO remote

~ stations and the OAO Control Center afe shown in Fig, 11, In the remainder of
this section the input/output capability of the existing communication system
will be described in more detail with particular emphasis on the problems the

transmission of compressed playback SDHE telemetry data.

5.2 AD/ECS-37 Computer Output to Communication Circuit

‘ All data transmitted from the AD/ECS-37 computer at a remote site
to the OAO Control Center will pass through a Data Transmission System (DTS)
encoder and a Western Electric Model 205B Data Modem. The DTS encoder
performs the function of accepting an asynchronous data input at rates up to
1792 bits/s and outputting a synchronous 2400 bit/s stream to the data modem.
The data modem is capable of both transmitting and receiving data at a 2400
bit/s rate. If the DTS input rate is less than 1792 bits/s, the DTS will insert

"filler" bits to take up the extra space.
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5.2.1 Message Formats

DTS Block Formats

The DTS encoder also formats the incoming data into 600 bit frames |
and inserts routing header and synchronization bits as is shown in Fig, 12. Each
600 bit frame is subdivided into eight 75 bits subframes. Subframe No.1l con-
sists entirely of frame sync and routing header data generated by the DTS.
Subframes 2 through 8 contain an 11 bit subframe sync pattern and four 16 bit
data words. 'When the formatted 600 bit block is received back at the OAO
Control Center, the DTS decoder will strip off the entire Subframe No, 1 and the
11 bit sync pattern on Subframes 2 through 8, and will output only the data

section of the message.

Sub ¢ N e V7SBits ‘ =J'
u rame No.

2 Sync Sub-Frame|Sub-frame | Sub~Frame| Sub-Frame

{11Bits) 7 Word Word 2 Word 3 Word 4
7

3 ///// |

4 //IV//%

6

-7
8 ir'v _jr v v

DTS Encoder .Inserts Fo,rmcning" Data Into Cross-Hatched Fields
#-3840 '

Fig. 12 DTS Message Format
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Data Block Format

In addition to the formatting performed by the DTS system, an additional
level of formatting and coding is provided in the data section. Unlike the DTS
blocks, these data blocks may be of variable length from 128 bits to 1024 bits.
FEach data block congists of between 2 to 16 frames of 64 bits each. The

format5 of these data blocks is shown below,

Frame Number Bit Positions Contents
1 1-16 Synchronization Pattern (1110101110010000)
1 17-31 Block Sequence Number
1 32 Sentinel Bit (Set for Last Block)
1 33-48 ~ File ID
1 49-64 Number of 16 Bit Words (NW) in Block
8 <= NW =64
NW .
2 thru el 1 1-64 Four 16 Bit Data Words
-NZW 1-32 Two 16 Bit Data Words
.NZW 33-42 Unused
—NZW : 43-64 Error Detection Checkbits

The error detection checkbits are generated such that the resulting
block is properly encoded in a cyclic block. The generating polynomial will be

of 22 order,

In the above format the first frame and the second half of the last frame
are taken up With control and synchronization information. To reduce the
proportion of the noninformation fields in the overall format it is desirable to
format the data into maximum length blocks of 1024 bits. However, a conflicting

factor which must be considered is the effect of transmission errors.
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Since longer blocks have a greater probability of containing a transmission
error, and therefore requiring a retransmission, the optimum block length
must strike a compromise between these two factors. An analysis of the
optimum block length is contained in Appendix C and reveals that a block length

of 1024 bits is optimum based upon the existing format constraints.

5.2.2 AD/ECS-37 Interface to DTS Encoder

The AD/ECS-37 computer will output data to the DTS encoder via the
B buffer in 16 bit parallel words. The sequence used in transferring a 16 bit

data word to the DTS is the following:

(1) The AD/ECS-37 loads the 16 bit data word in right
adjusted format into the B buffer.

(2) The AD/ECS-37 executes an External Machine
command which directs the DTS to read the current
contents of the B buffer.

(3) The DTS encoder will input the 16 bit data word and
-will generate the proper contirol signals to disconnect
the DTS encoder from the B buffer, This action will
cause a ''"B Busy' signal to be generated which will
result in a computer interrupt signifying that a new
data word may be loaded into B and the cycle repeated.

The AD/ECS-37 computer must reload B and initiate another External Machine
command to the DTS encoder within 6—2— ms after receiving the "B Busy"
interrupt. If the computer does not respond within this time period, the DTS

encoder may generate a 'filler" frame rather than a 'data" frame.

5.3 Communications Circuit Input to AD/ECS-37
5.3.1 General

The Remote Control Centers receive messages from the OAO Central
Control Center via a 2400 bit/é communications circuit driven by Western

Electric 205B data modem.

. : 30
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9.3.2 Message Format

_All messages from OAO Central Control Center to a Remote Control -
Center are formatted into a 600 bit block, The format5 of this block is shown
in Fig. 13. Of the fifty 12 bit words in the block, fourteen words are devoted to
'non-data fields. While many different types of messages will be reqﬁired for
the various OAO ground support functions, the only message types directly
related to data compression are the "Acknowledge Message' and the
"Retransmisgion Request Message'. Word 6 of the block format shown in
Fig, 13 identifies the message type and Words 9,10 and 11 contain éupplemental

information concerning the message type.

5.3.3 AD/ECS-3T7 Interface to Communication Circuit Input

An interface unit will be designed to transfer data between the Western
Electric 205B data modem and the AD/ECS-37 computer., This interface unit
will examine the incoming bit stream and will recognize the presence of the
24 bit frame sync pattern when it occurs. After the frame sync pattern has
been received, the interface unit will transfer the next 576 bits of the current
block into the BI buffer, The data will be assembled in Bl as sixteen 36 bit
words. Following the loading of the 576 bits the interface unit will disconnect
itself from the BI buffer and generate a "EM Busy" signal which will trigger
Interrupt Level 6 of the AD/ECS-37 computer. The AD/ECS-37 will respond to
the interrupt within 10 ms by storing BI and initiating another command for the

input of a block into BI.
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Fig. 13 Central Control Station to Remote Control Station

Message Format

- 32

ADVANCED COMMUNICATIONS ¢ RESEARCH AND DEVELOPMENT




6.1 General . : ' .

proceeded concurrently with the data compression operation. This resulted in
the most efficient oper"ation.from the s’éandpoint of minimizing the time required
to get the compressed SDHE data back to the OAO Central Control Station.
Because of timing problems with the peripheral equipment to the AD J/ECS-317,

it is not feasible to implement this procedure exactly as outlined in Sec. 4.4.
Whenever a read or write instruction to the drum memory is given, the entire
computer is tied up for the entire period necessary to find the stafting point on
the drum and to perform the required data trensfer. Under worst case con-
ditions, asfmuch as 35 ms will be required merely to find the starting point,
During this period the computer will pot respond to 'any received interrupts.
With the present data transmission system it is desirable” to guarantee a
response to the DTS encoder within 6%— ms of a randomly occurring interrupt
and it is mandatory that the computer respond within 10 ms to an "EM Busy"
interrupt signifying a message input request via BI. Since any data transfer
command to the drum is likely to result in missed interrupts, the procedure

must be modified to reflect these timing problems.

6.2 Phase I - SDHE Data Compression and Storage

‘phase the FR-600 is played back at 32 X 1042 blt/s rate through the Magnavox
PCM/DHE and into a gpecial purpose data compressor. The compressed SDHE

data is then assembled in blocks of 128 compressed 16 bit data points and

Do

6. PROPOSED PLAYBACK SDHE DATA COMPRESSION PROCEDURE

In Sec. 4.4 a configﬁration was discussed in which the data transmission

ot
R

The proposed approach consists of two serial phases. In the first

The reason that it is not mandatory that the computer respond within 6 % ms
to a DTS encoder interrupt (B Busy) is that the DTS will insert an invalid
16 bit word (all zero bits) if a new word from the computer is not received in
time. The SDS-930 could be easily programmed to disregard any received
word with an all zero pattern,
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inputted to the AD/ECS-37 core memory via the BI buffer. After a sufficient
amount of compressed data has been assembled within the core memory, the
AD/ECS-37 will transfer this data to the drum, This will continue until the
entire SDHE playback message has been compressed and stored on the drum,
Note that the data transfers between the drum and core can proceed concurrently,
with the compressed data input since the data compressor has sufficient buffer-

ing capacity to allow an interrupt response time of as much as 65 ms.

6.3 ~ Phage IT - Data Transmission and Verification

Dur;'mg the second phase of the operation the compressed SDHE data
is transferred back into core and the AD/ECS-37 encodes the data in the format
described in "Data vBlock Format" on page 29, genefates the error detection
checkbits, and initiates the transfer of the formatted and encoded data via the
DTS system., During this phase the AD/ECS-37 must also receive, decode and

respond to "Acknowledge' and "Retransmission Requests'' messages.

6.4 Processing Time Estimate with Proposed Configuration and Procedure

By performing the data compression and storage phase separately from
the data transmission and verification phase, the possibility of overloading the
capacity of the AD/ECS-37 computer at the remote site is totally eliminated.
Estimates of the time required to perform the two phases of this operation will

be obtained in this section.

A timing analysis of the processing required by the computer to receive
the compressed SDHE data from the data compressor and store this data onto
drum memory reveals that the recorded SDHE data may be played into the
Magnavox PCM/DHE at a rate o{f 33,344 bits/s (equal to 32 times the onboard
recording rate of 1042 bits/s). Assuming a time interval of 100 minutes
between successive onboard tape dumps, the Phase I processing time would be

three minutes.
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A number of assumptions are required in order to estimate the
processing time required for Phase II, These assumptions include the
following:

(1) The average bandwidth compression ratio over the entire

SDHE message is assumed to be 9.26 (see Sec, 3.5).

(2) The SDHE compressed data will be encoded into 1024 bit
blocks exclusive of the additional bits inserted by the
DTS encoder,

(3) The error distribution over the communication channel is
assumed to be that of a binary symmetrlc channel with
bit error rate equal to 1,77 X 1_0 (see Appendix C).

(4) An average of a 0.5 second delay occurs between the
transmission of a block and the receipt of an "Acknowledge"
or "Retransmission Request' message.

(5) The total information bandwidth of the communication
circuit to OAO Central Control Station is 1792 bits/s.
(The reduction from 2400 bits/s is due to the additional
synchronization and routing data inserted by the DTS
encoder and subsequently removed by the DTS decoder, )
Based on the above assumptions the time required to transmit the
entire compressed SDHE message over the communication system is eight
minutes, Of this time, only 20 seconds are required to handle the retrans-
mission request. Thus, the total estimated time for both Phases I and II is

eleven minutes.

In Sec. 4.4 the processing time required to compress and transmit the
entire SDHE mes.sage using configuration C was found to be 6—}; minutes, This
estimate, however, did not include the effects of: (a) the reduced information
bandwidth of the coinmunicationé channel due 1';0 the DTS formatting; and (b) the
additional time required for the retransmission of blocks originally received in
error., The effect of the decreased bandwidth adds 85 seconds to the processing

time and the retransmission processing adds 20 seconds, Adding those two
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factors to the previously obtained estimate of 6:11- minutes results in a revised
estimate of eight minutes. Thus, the only difference between the currently
proposed approach and the approach discussed in Sec. 4.4 (Configuration C) is

the separate processing of the data compression and data transmission phases.

Without a major redesign of the peripheral equipment and interfaces
associated with the AD/ECS-37 computer (drum, DTS interface and modem
input interface) it appears unfeasible to eliminate the previously discussed
timing problem. Therefore, the partitioning of the processing into two
sequential phases and the resulting increase of three minutes in the total

processing time appears unavoidable,
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7. RECONSTRUCTION OF SDHE -COMPRESSED DATA
AT OAO CONTROL CENTER

Each compressed data point is received by the SDS-930 at the OAO
Control Center as a 16 bit word consisting of an 8 bit address and an 8 bit
magnitude. Because of the subcommutation scheme of the SDHE format, there
actually exists a total of 381 different sensors or pseudo-sensors monitored by
the SDHE telemetry subsystem. However, only 195 sensors or pseudo-sensors
are monitored on any single SDHE frame. The particular sensor set monitored
onany given SDHE frame can be determined by examining the Program Code
field of Word 2 and the most significant 3 bit field of Word 29, The sub-
commutation identification contained in those fields are encoded into a
compressed data word., The 8 bit address field associated with each data point
merely indicates the position of the 8 bit syllable within the current frame and
the previously received subcommutation information within the same frame

permits the unambiguous identification of all sensors,

For the purpose of data reconstruction, the SDHE format can be

divided into the following seven categories:

Item Main Frame Word Number Data Content Comments
1 0 to 2 Telemetry Control Not Subcommutated
2 3 to 26 Gimbal Angle Data Not Subcommutated
3 264,27 to 29 Star Tracker Status' Not Subcommutated

(26A) & Bi-level
Words 1,2 and 3

4 30 . Bi-level Word 4 . Subcommutated to
' Five Levels

5 _ 31 & 32 ’ Bi-level Wordsb -6 Subcommutated to
: Two Levels

(continued)

" The Star Tracker Status Word designated Main Frame Word 26A is
actually a pseudo-word formed by the data compression unit from
twelve separate 2 bit fields contained in each even main frame word
from MF4 to MF26, ‘
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Item WMain Frame Word Number Data Content Comments
6 33 to 52 Operational or Subcommutated to
Envirc_)nmental Two Levels
: Analog Group
7 . 53 to 64 A;B,C, or D Analog Subcommutated to
' ' " Group : Four Levels

The proposed method of SDHE data reconstruction is to maintain seven separate
tables within the core memory of the SDS-930 computer associated with each
category. Separate subtables will also be maintained for each level of sub-
commutation contained within the category. Figure 14 is a diagram of the

proposed SDHE Data Reconstruction Tables.

At the start of the SDHE data compression operation of a particulAar
pass, the refere-nce memory of the data compressor unit will be loaded with
commands which will force the output of the first readout of each sensor or
pseudo-gensor, When the data associated with this forced first value readout
is received by the SDS-930, it will be stored in the épprOpriate table storage

area,

Following this fbrced readout, all subsequent sensor values will be
processed by the data compressor in the normal manner and will result in a
compressed data word output only if the data value was found to be nonredundant,
As compressed data words are received by the SDS-930, the appropriate table
associated with the sensor will be updated, In this way the seven tables will
always contain a replica of the currenf state of the sensors monitored on the

'SDHE telemetry within the preset tolerance limits established for each sensor,

| After the SDHE Data Reconstruction Tables have been updated with all
the compressed data from a given frame of SDHE data, the data reconstruction
program will construct a control word which will indicate to the SDHE analysis
and display programs precisely which tables and subtables have been updated
by the current frame of SDHE data, One posgsible format for the control word

is shown below.
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I%ifmbcr ; BLANK ol1o{11|12{13]14|15]16|17|18]19|20|21|22]23
Bits 0-9 Blank
Bits 10 Table 1 Update "
Bit 11 Table 2 Update
Bit 12 Table 3 Update
Bit 13  Table 4 Update
Bits 14 -16 Subcom ID for Table 4
Bit 17 Table 5 Update
Bit 18 Subcom ID for Table 5
Bit 19 Table 6 Update
Bit 20 Subcom ID for Table 6
Bit 21 Table 7 Update
Bits 22, 23 Subcom ID for Table 7

" A "1" bit in this position indicates that a change has been made somewhere
in the table as a result of nonredundant data received within the current
SDHE frame, :
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8. DATA COMPRESSION DEMONSTRATION

A demonsgtration of telémetry data compression was performed by
ADCOM, Inc. at the OAO Control Center (Building 14 of NASA/GSFC) on
June 28 - 29, 1967, This was a company sponsored effort not charged to any
NASA contract; however, since some of the results are pertinent to the ‘present

study, they are included in this report.

The configuration used in this demonstration is shown in Fig. 15.
Except for the data compressioﬁ unit and the associated interface equipment,
the configuration is a standard portion of the O©OAO Ground Operations Equipment
complex available at all primary OAO sites. Figures 16 and 17 are pictures of

the DT-110 data compression unit which was supplied by ADCOM for this

demonstration,

O0GO—C

| t = . 1General
Agcuesérgz\fd FR-600 | Magnavox rEIﬂfriili o Mills = A“L?QZ"
TelTeCrlnpe;ry PCM/DHE Unit %?){Eguséz Printer

R-3843

Fig. 15 Data Compression Demonstration Configuration

The analog tape u’séd in this demonstration contained actual acceler-
ated subcom telemetry data recorded at a 64,000 bit/s rate from the OGO-C
satéllite. There were two reasons for using OGO data for this demonstration,
First, the OGO accelerated subcom format does not contaivn any subcommutation
and therefore the Magnavox PCM/DHE was capable of fully decommutating this
data. The other reason was that sections of this data were kﬁown to be vefy

active and were thought to be a worst case test for data compression.
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R-3851

Fig, 16 Front View of DT-110
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Fig. 17 DT-110 Shown with Drawer Extended
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A computer program was written for the AD/ECS-37 computer to
output any ten selected telemetry channels onto the line printer. The computer
also calculated the individual bandwidth compression ratios of each of the ten .
selected channels as well as the composite bandwidth reduction ratio for all
selected channels., Figures 18 and 19 show the line printer listing for a fairly

active segment of data, The sensors monitored on the ten data channels are as

follows.
‘Channel

1 ' Accumulated Time (seconds)*
2 Battery No. 1 Current
3 Reaction Wheel ON-OFF
4 Pitch Error (degrees)
5 Gas Control Valves 1,2,5
6 Yaw Wheel Tack (rpm)
7 Pitch Rate Gyro
8 Tran‘smitting EG Status
9 Roll Error (degrees)

10 Array Shaft Angle (sine)

During this run the DT-110 was programméd to use a Zero-Order Predictor

(ZOP) algorithm on each of these channels with a tolerance value (K) of two.

Another data compression run was made using a section of data
obtained after the OGO-C satellite had lost attitude control and was tumbling.
A set of ten channels concerned primarily with attitude error 4signa1s were
selected for the data compression output listing, The results from this run
are shown ih Figs. 20 and 21, In this case, the ZOP algorithm was used with

a tolerance (K) of six for -each channel, By monitoring the attitude and control

" This channel should increase in a monotonic manner; however,
visual examination of the strip chart from this channel revealed that
the telemetry data was actually skipping around as shown in this printout,
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‘COMPRESSED_DATA OUTPUT. PROGRAM . _ . ... ..
__ COMMENTS w= 0GO-C DATA INPUT Th DT-110 AT 40m2 RITS PFR SEC.

START TIME~<DAY 134, 17H 23M 54§ e :
TIME FRAME 1 2 3 4 8 6. 7 A .8 .18 _
LAST VALUE _ . e e e
”.— - . - —— —— .- . [ . e N -
1 207 9 88 127 8 i0s 42 56 76 (Y]
5 ) e 74 .
18 200
21 e e 72
31 6?2
32 e 60
33 . ) 57
34 e 62
35 i o 59
—_ 36 R —, 57 -
44 : a7
56 I 57 . . e
57 . 8
Y -1 ) 44
. 65 . . ) 60
—— 67 e . — 47
71 77 88 138 i4
.72 __ 186 __158 __ 95 _ . . .. _ 203 15
74 200 88 127 107 42 56 47 69
R & o .. .1e5 .
77 BN 57
9 e - . 197 -
81 105, 59
. BA e 122 —
85 126 i . 6%
86 ) ing . ) o
87 198 197 63
. 88 95 , :
89 . 1M8 ] 172 179 184 28 156 155 30
_ 91 200 .88 . 47 . . 107, . 42 56 58 .. 60
92 . 43 .
.- 93 o o 46 105
: 94 32 107
el ... 95 . 27 60
96 . ) 29 . 105
. Y 14 . i}
) 98 12
e 89 L 13 107 N
140 8
101 & 121 145 , 62
102 ) 1721 ) 107
T £ 2 T U2 N . <, o
104 . 105 . 79
110 . 107 74
112 1645
143 197
R i14 ) 175
o 118 S 1987
120 105
o 12y 201 o R
126 407
e %28 . . 105
129 . 1087

Fig. 18 Compregsed Data Listing (Fairly Active Telemetry Data)
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"COMPRFSSEN NATA_OUTPUT. _PROGRAM

DATA COMPRESSTON SUMMARY e
, : o : S READ NGY
OVERALL BW COMPRESSION RATTO (TNCLUDTNG FIRST REZFYVEF = 08.09

OVERALL BW COMPRESSION RATIO (EXCLUDING FIRST RFADING) = 08,27

BANDWIDTH CNMPRESSION RATTO BY CHANNEL

1 2 -3 - 4 s 6 7 8 9 1¢
WITH. ] - ‘ ' |
FIRST 26.59 2460, 21.90 ©2.90 >160. #2,21 53,10 41,37 #4.27 33.84
POINT ' ~ ! .

Fig. 19 Data Compression Summar‘y Printout Associated with Data Shown

In Fig. 18
COMPRESSEN NATA_QUTPUT PROGRAM. _
nATA FGMPRFSQTON SUMMARY e
N READI N ) ’
OVERALL BW COMPRFS%ION RATTO (TNCLUDTNF FIRST Rr§ﬁ¥v$$- = @?,49

OVERALL BW COMPRESSTON RATTO (FXCLUBING F ~I‘R’é T RFADING) = 02,50

BANDWIDTH COMPRESSION RATIO RY CHANNEL

N 1 2. 3 4. 5 . 6 7 8 9 10
WTTH ‘ T T T
FIRST ©8.95 01.01 85,96 06,14 11,28 06.14 82,80 62,39 02.72 03,90

POINT

Fig. 21 Data Compression Summary Printout Associated with Data Shown
In Fig, 20 '
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COMPRESSEN_DATA_OUTPUT_PROGRAM

Dy =

__COMMENTS «+ 0GOsC DATA INPUT TO DT~149 AT _46m0 RIYS_PFR SEC._ . _ . . . °
START TIMEroDAY 134, 17H 23M 56§ . e
__TIME_ FRAME 1 2 3 4 5 6 7.8 9 48 _
LAST VALUE B L L
1 118 82 22 1m9 3 3 10 10 34 47__
2 98
3. 114 S
"6 112
IR AL | -1 S . e . B3
8 86 .
9 72 40
10 55 - 49
. 11 38106 _ e

e 13 _ ia 77 28 [ 449 98 __ 82
14 2 61 35 -
15 45 i o
16 28 80
— 87 14 - - e e e e e
i 18 ' 0 89
-1 R £ N 18, .0 e
21 31, 120
22 48 N L L e
23 67 101
24 8BS B AO9 e e e
: 25 99 24 i 49
%6, 115 43 15 _ L R L
27 62 3145
28 _ 12y . -1 - 1% & O 1 . S
29 97 .
e 3o 111 . o e
31 119 .
R X 111 12 o e 97
35 4104 28 103
36 85 o e
37 71 . 109
- 1: 54 408 . 49 e
39 37 94 -
S £ - 23 __ 7% . . to _ —
41 10 63 130 ) 129
42 0 46 U - ISR § 1 S
43 31
A4 14 o 84 . - L
45 3 130 .Y
——— 46 - - .2 .
48 15 10
— _49 4R S 119 . 121
' 51 68 _ 22
.82 86 22 A 49
53 108 49
—— .54 %16 __ 60____ .
55 78
86 94 . U
87 111 127 96
AR 1 - S 117 —i e -
62 110
63 99 i - e
64 8%

Fig. 20 Compressed Data Listing of Attitude and Control Sensors
While OGO-C Spacecraft Was Tumbling

ADVANCED COMMUNICATIONS

47

RESEARCH AND DEVELOPMENT———




sensors during a period where the gpacecraft is in an un'stabilized condition we
obtain what is probably the most highly nonredundant data that would be
encountered on any spacecraft mission and therefore represents a worst case

situation from the standpoint of data compression., Even under these extremely

adverse conditions a composite bandwidth reduction ratio of 2.5 was obtained.

9. RECOMMENDATIONS AND CONCLUSIONS

- This study has investigated the estimated compressibility of the OAO
SDHE telemetry data as well as the operational procedures, equipment con-
straints and messagé formats applicable to thé data transmission circuits
between OAO Remote Control Centers and the OAO Central Control Station at
GSFC. Based upon this study and the practical experience gained during the
data compression demonstration it is concluded that data compression can
significantly reduce the time required to transmit playbé,ck SDHE data from a
remote site to GSFC. Assuming 100 minutes between successive SDHE play-
back commands, the entire SDHE message can bé compressed, transrﬁitted,
and reconstructed at NASA /GSFC in an estimated eleven minutes using the
configuration and pro,cedurhe described in Sec, 5. If the SDHE data is not
compressed at the remote site, 65 minutes would be required for the

transmission of the message to NASA /GSFC,

By making the OAO back orbit data available to the OAO project
personnel at GSFC in a timely manner, incipient spacecraft problems may be
spotted and corrected before they reach critical proportions, This should not
only prolong the life of the OAO spacecraft, but also allow more efficient

operation and scheduling of the experiments,
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. 'Appeﬂn'dix A
ASSEMBLY CODING FOR AD/ECS-37 TO PERFORM MOST

FREQUENTLY EXECUTED PORTIONS OF ZOP DATA
'~ COMPRESSION PROCESSING

NOTE: This coding was performed for the purpose of estimating the processing
time required for compressing SDHE data using the AD/ECS-37. Itis
not intended as an operational program.

LOC. OP. ADDR.  INC. . COMMENTS
C PROGRAM TO STORE ASSEMBLED DATA
C WORDS FROM PCM/DHE IN A QUEUE
0003 RET PCMXIT Interrupt Trap
. JPL PCMIN Processor Linkage
PCMIN STA SAVEAP Save A and .
STR SAVERP R Registers
SBA A Store BA in A
: EXM 0730 Command Next PCM/DHE to RA Transfer
BUFSTR BRG BUFSTR
STR (0000) Store Input Word from PCM/DHE
ADD ONE ONE = +000 000 000 001

STR BUFSTR
SUB BUFLIM

NJP BUFA Jump if not end of Buffer
BRG BUFKA BUFKA = BRG BUFSTR STR BUFFER
STA BUFSTR
BUFA BRG SAVERP Restore A
PCMXIT BRG SAVEAR and R Registers
RJIP (0000) Return to Main Program
C DATA COMPRESSION PROCESSING
C. . LINKAGE. WITHIN MAIN PROGRAM .
: Main Program Processing
RET Z0oP Perform ZOP Processing

JI.’L ZOP ' on Next SDHE Word in Buffer

Continue with Main Program -
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1.OC. OP. ADDR. INC, COMMENTS
C ZOP DATA COMPRESSION PROCESSING
ZOP JPL ZOP 1 Linkage for
JPL 0000 ZOP Subroutine
BRG BUFSTR
SUB NXTWRD
AND ZOPKA (ZOPKA) = +000000777777
NzJ Z0OP 1 Wait if no Data Available
NXTWRD LIC NXTWRD
BRG (0000). Pick Up SDHE Word to Compress
NJP PARITY Jump if Parity Error
STA DATA Store SDHE Word in Data
LIC A Set Up Table Lookup
SIC PCMADR For Unique ID of Syllables
JPR PCMADR
PCMADR HLT 0000 Instruction Never Executed
BRG (0000)
NJIP SPECPR Jump if Special Proc. Required
LIC A
SIC PCMA Construct and Store
IIC 0000 Reference Table
SIC PCMA 1 Lookup Addresses
IiC 0000 For All Three
PCMA SIC PCM 2 Data Syllables
BRG (0000)
STA REFWDA Store Reference
BRG (0000) Words For All
STA REFWDB Three Data
BRG (0000) Syllables
STA REFWDC
BRG DATA
SAC R
LSH 10 Shift First Syllable Into A
ORL DMASKA
SAC PCMDTA 2
- LLSH 10 Shift Second Syllable Into A
ORL DMASKB
- SAC PCMDTA
LiSH 10 Shift Third Syllable Into A
ORL DMASKC '
SAC PCMDTA 1
' 51
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LOC.

OP.

PCMSB

PCMSC

END
NRA

PCMDTA

CNTODD

LIC
BRG
STA
BRG
STA
BRG
STA
SUB
AND
ADD
NZJ
BRG
SUB
AND
ADD
NZJ
BRG
SUB
AND
ADD
NZJ
BRG
ADD
STA
SUB
NJP
BRG
STA
JPR
BRG
AND
NZJ
BRG
BRG
RSH

- BRG

AND
JPR
BRG
BRG
LSH
AND

ADDR.

BUFTAB
(0000)
DATAWB
(0000)

DATAWC .

(0000)
DATAWA
REFWDA
SMASK
PCMKA
NRA
DATAWB
REFWDB
SMASK
PCMKA
NRB
DATAWC
REFWDC
SMASK
PCMKA
NRC
NXTWRD
ONE
NXTWRD
BUFULL

"END

NXTSRT
NXTWRD
ZOP
COUNT
ONE
CNTODD
DATAWA
REFWDA
14
g
MSMASK
BUFTAB
DATAWA
REFWDA
10
LSMASK

INC.

ADcom

COMMENTS

Set IC to Next N-R Load Location
Construct by Table

L.ookup and Store
"DOUBLE-DATA" Syllables

(SMASK) = -001 000 000 000
(PCMKA) =+776 777 777 777
Jump if First Syllable N-R

Jump if Second Syllable N-R

Jump if Third Syllable N-R

Increment Address ;

Jump if not end of Buffer
Exit From ZOP Subroutine.
Jump if Count Odd

Even Count

Right Shift 12 Bits

MSMASK = +037777600000

Left Shift 8 Bits
(LSMASK) = 1777717
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LOC.

OoP.

BUFTAB

LIMTAB

NEGLIM

. POSLIM

11C
JPL
SIC
ORL
SIC
STA
BRG

ADD |

STA
BRG
ADD
STA
LIC

SIC

BRG
AND
NJP
STA
STA
AND
NzJ
JPR
AND

- JPR

BRG
AND
JPR

ADDR.

0000
BUFTAB
BUFTAB
(0000)
BUFTAB
(0000)
COUNT
ONE
COUNT
PCMA
PCMKB
LIMTAB
PCMA
LIMTAB
DATAWA
(0000)
NEGLIM
(0000)

R
ULMASK
POSLIM
PCMSB
NGMASK
LIMTAB

R

"PSMASK

LIMTAB

INC.

; ’ Dbow-

COMMENTS

or with MS Half

Store Compressed Data Word

Increment Count

JUMPIF Xo-K <0
Store New Reference Limits

ULMASK = +001000000000
JUMP IF X, +K >28 - 1
Finished with First Syllable
(NGMASK) = +0017777777717

(PSMASK) = -777001777777

SUMMARY OF ZOP PROCESSING BY AD/ECS-37

Number of

FUNCTION AD/[ECS-317
' Cycles Required
Input Uncompressed SDHE Word from . 67

PCM/DHE and Store in Input Buffer

Access Oldest SDHE Data Word from 318
Buffer and Perform ZOP Processing
on All Three Data Syllables (Assume

ADVANCED COMMUNICATIONS -°

All Syllables Redundant)

Perform Special Processing Required for , 135
Each Nonredundant Data Syllable
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- In this format the least significant 26 bits in the computer register
contain the received SDHE word. The most significant bit is an odd parity bit
generated by the PCM/DHE on the current contents of the Computer Register.
Since the 26 bit SDHE word was already encoded with odd parity, the most
significant bit should .always be "0, A '"1" in this position indicates a parity
error in the received SDHE word. Bit 7 is a frame sync indicator and will be
a '"1" only during the word time in which an acceptable replica of the frame
sync pattern is received, Bit 9 represents frame sync lock and will be a "1"
whenever the frame sync detector is in the "Lock Mode'. ‘Bits 6 and 8 are the
complements of bits 7 and 9 respectively, and are included only to insure that

there is even parity for the 4 bit control field (bits 6,7, 8 and 9),

B.2.1.3 Control and Data Signals from PCM/DHE

Thirty seven (37) data lines which describe the logical state of each of
the 37 bit positions of the PCM/DHE Computer Register will be brought out in
parallel to an external connector of the PCM/DHE. The control signals which
will be brought out to anfexter'nal connector will inciude but not be limited to
the following signals:

(1) a "Data Ready' signal signifying that a new word has

been entered into the Computer Register; and
(2) an "Inhibit Read' signal signifying that the state of

the Computer Register is currently changing,

B.2.1.4 Signal Characteristics and Cabling

The DCU shall be implemented to accept the standard signal character-
istics (logic levels, impedances, rise times, etc,) and tolerances generated by
the Magnavox PCM/DHE, The DCU will include the necessary cabling and

connectors to interface with the external PCM/DHE connectors.
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. Appendix B .
RECOMMENDED SPECIFICATIONS FOR SDHE DATA COMPRESSOR UNIT -

B.1 Introduction

The SDHE Data Compressor Unit (DCU) shall-consist of a decommuta-
tion and preprocessing subsystem, a data compression subsysteih and such
other additional logic, interface and cabling equipment as is required ’.co.
decommutate and compress OAO SDHE telemetry data received from the
Magnavox PCM/DHE and to output the nonredundant compfessed data to the
General Mills AD/ECS-37 computer, The DCU shall contain a self-contained

reference memory which may be reloaded under the control of the AD/ECS-37,

B.2 Sys’cem. Interfaces and Signal Compatibility

B.2,1  Magnavox PCM/DHE to DCU Interface

B.Z.l.i General

The DCU shall interface with the Magnavox PCM/DHE and shall be
capable of transferring data from the 37 bit DHE Computer Register to the DCU.

B.2.1,2 Data Format

The patchboard of the Magnavox PCM /DHE shall be,wiréd to assemble
OAO SDHE data in the DHE Computer Register in the format given below,

K—Received 26 Bit SDHE Word{f—;—»{

Parityﬁ: ' SyTiable #1Syllable #2[SyIiabTe #3
Error ) i~ (8 Bits (8 Bits) (8 Bits) | /|
s 6/78191011 )_L8 19 26) 27 3435 ) Bt‘
A LA . . - A{Paxrity Bit -
__First Bit of SDHE Word . j
t LFrame Sync Lock - ’ . (of SDHE Word
Frame Sync Lock o '

Frame Sync
Frame Sync =
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B.2.1.5 Input Data Rates

The DCU shall bé designed to accept SDHE telemetfy data from the
PCM /DHE and to perform all decommutation, preprocessing and data com- ’
pression functions described in this Specification at 2 maximum input bit rate
(to the PCM/DHE) of not less than 66,688 bits/s. This rate is the same as the
rate at which the recorded OAO SDHE data is played back to the ground station.
It shouid be noted, however, that the anticipated ground station configuration
will not be cdpable of accepting the compressed data output from the DCU at

uncompressed input rates greater than 33,344 bits/s.

B.2.2 DCU to AD/ECS-37 Interface for Compressed Data Transfer

B.2.2.1 General

The DCU shall be designed to-interface with the AD /ECS-37 computer
for the purpose of transferring to the computer the compressed SDHE data.
This data transfer shali be accomplished in blocks of 64 AD/ECS-37 words
through the BI buffer‘. |

B.2.2.2 Compressed Data Buffering

The DCU shall compress the SDHE telemetry data using'the algorithm

described in Sec.B.4.1.The compressed dafa output will be initially.buffered in
‘ blocks equivalent to 64 AD/ECS-37 words within a self-contained memory of
the DCU.

B.2.2.3 Compressed Data Word Format

~The DCU shall load the BI buffer with 64 words of compressed data in

the format shown below.

!<First Compressed Word~>¥<~Second Compressed Word9’

Blank Address #1 [Magnitude #1 Address #2 [Magnitude #2 o
4 (8 Bits)11 17(8 Bits) .d,n(8 Bits)_?? 1g (8 Bits) 3y

5,0
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B.2.2.4 Control and Data Signals

The AD/ECS-37 will initiate the transfer of a block of compressed
SDHE data from the memory of the DCU to the BI buffer by executing an
external machine instruction of the form "61 XX20" where XX is a 6 bit
address assigned to the DCU, If upon recéiving this command an entire block
of compressed data has been assembled and is réady to be transferred to the
computer, the DCU will respond by initiating the data transfer. On the other
hand, if an entire block has not been assembled, the DCU will wait until the
block is completed and will then initiate the data transfer., (See Sec.B.4.2 for

more discussion on this point.)

The data transfer from the memory of the DCU to the BI buffer will be
performed in 6 bit parallel characters. The 1oadin‘g of one equivalent
AD/ECS-37 word will require eight character transfers consisting of one sign
character, six data characters and one end-of-word control character, The |
DCU will also receive character acknowledge signals from the BI buffer and
will respond to these signals by initiating the next character transfer, The

'DCU will generate the "Cycle BI'" signals necessary to store the data in BI.

B.2.2,5 Signal Characteristics and Cabling

The Output Control Logic of the DCU shall be designed to accept and
generate signal waveforms with the standard characteristics (logic levels,
impedance-s, rise times, etc,) and tolerances specified in the "AD/ECS-37
Input/Output Manual", ‘The DCU will include the necessary cabling and

connectors to interface with the BI buffer,

B.2,2.6 Input Data Rate to BI Buffer

The data transfer to the BI buffer will be synchronized by the clock of
the BI buffer which nominally runs at a 50 kHz rate, The DCU will not

introduce any appreciable further delay in the data transfer rate.
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B.2.3 AD/ECS-37 to DCU Interface

B.2.3.1 General

The capability shall exist for the AD/ECS-37 to load any or all
locations of the DCU reference memory by means of a data transfer through
the BA buffer. It shall be possible to perform this function coincident with the

reception and compression fo SDHE data.

B.2.3.2 Data Format and Control

To load any location in the DCU reference memory the AD/ECS-37
will initiate the following two actions:
(1) load a word into BA of the form "+00 LLLI 00 0ODDD"
where LLLL represents the location in the reference

memory to be loaded and DDD represents the 8 bit
data quantity to be stored in the addressed location; and

(2) execute an external machine instruction of the form
"61 XX31" where XX is the same six bit address code
referred to in Sec.B.2.2.4,
The DCU shall be designed to accept reference data changes initiated
in the manner described above and to perform the reference data storage

function, The DCU will generate the control and acknowledge signals necessary

for the proper transfer of reference data from the BA buffer to the DCU.

B.2.3.3 Signal Characteristics and Cabling

The DCU shall be designed to accept and generate signal waveforms
with standard characteristics (logic levels, impedances, rise times, etc.) and
tolerances specified in the "AD/ECS-37 Input/Output Manual", The DCU will

include the necessary cabling and connectors to interface with the BA buffer.
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B.3 SDHE Decommutation and Preprocessing

B.3.1 General

The bCU shall include such logic aﬁd equipment necessary to uniquely
identify the source of each telemetry measurement included in the SDHE
telemetry format and to perform other 1ogica1 operations on various SDHE
words necessary to assemble this data in a standard format for eniry into the

Data Compression Subsystem.

B.3.2 Decommutation

The SDHE frame format has provisions for various types of sub-
éommutation. Because of this, a given syllable in the SDHE frame will, in
general, contain a measurement from a different sensor on successive frames.
The Decommutation Subsystem of the DCU will be concerned with constructing

a unique sensor address to be associated with each sensor measurement,

B.3.2.1 Main Frame (MF) Word Counter

The Decommutation Subsystem will contain a 6 bit MF Word Counter
for the purpose of aiding the identification of the received data., This counter

will be initially set to 63, . whenever a Frame Sync Indicator (bit 7) appears in

10
a word transferred from the PCM /DHE and will be incremented by one on each

subsequent word transfer.

B.3.2.2 Synchronous Decommutation

’ The Program Code field of MF Word 2 contains a field of seven bits
(not consecutive) which describe the subcommutation phase of the various data
sections of the current frame, The DCU will extract this field from the
received SDHE frame and use this information to construct unique sensor
addresses for the sensors monitored on the current frame, The _bi—levvel word

contained in MF Word 30 is sub-subcommutated; howevér, the Program Code
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field does not identify the current phase of this word. To construct sensor
addresses associated with this word it is necessary to extract a three bit field

from MF Word 29 to identify MF Word 30,

B MFEF Word 30

One of five different sets of bi-level sensors may be monitored on
MF Word 30. The decommutation process will examine three bits of MF Word

29 to identify the current set,

MFE Words 31 and 32

One of two different sets of bi-level sensors may be monitored on

MF Words 31 and 32, Program Code field specifies current set.

MF Words 33 to 52 (Operational or Environmental Analog Group)

One of two different sets (Operational or Environmental) of analog
sensors will be monitored on MF Words 33 to 52, Program Code field

specifies current set.

MF Words 53 to 64 (Analog Groups A, B, C or D)

One of four different sets of analog sensors will be monitored on MF

Words 53 to 64, Program Code field specifies current set,

B.3.2.3 Asynchronous Decommutation

MF Words 3 to 26 contain 24 gimbal angle measurements (twelve
"Commanded" angles and twelve "Error' angles). A given gimbal angle will
not be monitored on the same MF word for each frame. To decommutate this
data it is necessary to makevu's',e of the féllowing facts:

(1) the odd numbered words in this portion of the SDHE frame

(i.e., 3,5,7,... 25) contain the "Commanded" angles and

a seven bit field within these words specify the specific
gimbal angle; and :
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(2) the even numbered words (4,6,8,. . .26) contain the
"Error' angles, The gimbal to be associated with
each of these "Error'" angles is the same as that
~ identified in the preceding '""Commanded" angle word. .
In addition, the cyclic sequence of the gimbal measurements is fixed
and therefore the gimbal sequence for any single frame can be determined by

examining the address portion of MF Word 3.

B.3.3 Preprocessing

Because of the various anomalies within the SDHE frame format, it is
necessary to perform a preprocessing operation on the received data in order
to present the SDHE data to the Data Compression Subsystem in a standard

format.
B.3.3.1 Data Inhibit

In a system employing data compression it is extremely important to
insure that the input data be properly received and framed prior to the data
compression operation. When the quality of data is questionable it is far better
to inhibit the data compression function rather than to attempt data compression
on data that is either incorrectly received or improperly framed. The DCU
shall make use of the quality control indicators transferred by the PCM /DHE
along with the SDHE word as specified in the format described in Sec. 2.1.2,

No data shall be forwarded o the Data Compress‘ion Subsystem if either or
both of the following conditions have occurred: |

(1) A parity error is detected in the SDHE word

(Sign bit-of PCM/DHE Computer Register ="1"),

(2) Frame Sync Dropout (Bit 8 = "1"), |

B.3.3.2 Star Tracker Stétus

Two bits of star tracker status information are included in each of the

twelve "Error" gimbal angle words. Since this status data is not monitored
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any other place in the SDHE frame, it is necessary to extract this data from
the "Error" gimbal words. Itis suggested that the 24 bits of star tracker
status data be assembled together in a standard order by the Preprocessing
Subsystem and subsequently handled as an extra bi-level word. However,
other arrangements which provide for the data compression and transmission

of the star tracker status will be allowed.

B.4 Data Compression

The DCU shall have the operating characteristics of the DACOM
DT-110 or equivalent,

B.4.1 Compression Algorithms

B.4.1.1 Zero Order Predictor (ZOP)

The DCU will receive fully decommutated and preprocessed data from
the Decommutation Subsystem and will perform a Zero-Order Predictor (ZOP)
test on each 8 bit data syllable., The DCU will contain a reference memory in
which the last previously transmitted value of each éensor and the individual
sensor tolerance limits are stored. If the ZOP test reveals that the current
data point is redundant, no further processing is required on that data syllable.
On the other hand, if the ZOP test reveals that the syllable is nonredundant,
the DCU sill store the 16 bit compressed data word (8 bit sensor address and
8 bit magnitude) in an output data buffer and will update the reference memory

location associated with that sensor to reflect the new sensor reference value,

B.4,1.2 Other Compression Algorithms -

While it is anticipated that the ZOP algorithm will be the principal
algorithm used for SDHE data compression, the DCU will have the capability of

also performing the ‘following algorithms,
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Fixed Limits (FL)

If Yy is the present sample value, Yo is the midpoint of the limits
corridor (a programmed constant), and K is one half the corridor amplitude,

then y  is output if lyn - yol. =K,

Fixed Threshold (FT)

if Yy is the present sample value, Y is the threshold value (a

programmed. constant), then ¥, is output if Y, 2V,

Delta Threshold (DT)

If Yy is the present sample value, Yo is the last previous data value
(y0 = yn—l)’ and K is the threshold, then v, s output if Iyn - yol =2 K. The

new value of Yo becomes Y,

Automatic Jump to ZOP (JZOP)

Channels may be individually programmed to switich to ZOP when a

data sample is nonredundant and the programmed aigorithm is FL,, FT, or DT,

Pass All Data (PAD)

Channels may be individually programmed to pass all data samples by

using the ZOP algorithm with tolerance K = 0,

Reject All Data (RAD)

Channels may be individually programmed to reject all data samples

by using the ZOP algorithm with tolerance K set equal to full scale,

B.4.2  Compressed Data Buffering and Output Control

The compressed data generated by the ZOP processor will be stored
in one of two compressed output buffer areas of the DCU core memory. These
two buffer areas will be referred to as Buffer 1 and Buffer 2 respectively.

Each buffer area will be capable of storing 128 16-bit compressed data words.
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Immediately following the start of the SDHE data compression
operation, the ZOP processor will begin filling Buffer 1 with the compressed
SDHE data, After 128 compressed data words have been loaded into Buffer 1,
the ZOP processor will begin filling Buffef 2. After Buffer 2 has been filled,
the ZOP processor will switch back to Buffer 1 and begin reloading that buffer,
The buffer loading will continue to alternafe between Buffers 1 and 2 as long as

the ZOP processor continues to generate compressed data,

Whenever the AD/ECS-37 computer executes a '"61 XX20" instruction
(see Sec.B.2.2.4),the Output Control Logic will initiate a transfer to BI of the
buffer which is _ri_gi currently being filled by the ZOP processor unless the
contents of this buffer has already been read out to BI as a result of a previous
"1 XX20" instruction., In the case where two or more '"61 XX20" instructions
are executed while the ZOP processor is filling Buffer 2, the first ''61 XX20"
instructions will cause the initiation of the transfer of Buffer 1 to BI, the
second "61 XX20" will cause a control ﬂip—ﬂop to be set such that Buffer 2 will
be read out to BI as soon as the ZOP processor switches back to filling Buffer 1,

and all subsequent '"61 XX20" instructions will be ignored.

When a data transfer to BI is initiated the Output Control Logic will
sequentially access the compressed data in the specified buffer area and will
control the transfer of this data to BI in the format and manner specified in

Secs., B.2.2.3 and B.2,2.4,

B.5 Additional Control Capability

B.5.1 GMT Time Tagging

In addition to processing and compressing the spacecraft time word
which is contained in the SDHE frame, the capability shall exist to interleave a
GMT word with the compressed data. This GMT word will represent the time
that the current portion of the SDHE data was processéd by the DCU.
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control of the AD/ECS-37.
B.6

B.6.1 Mechaniecal

racks and shall not exceed 36 inches in the vertical dimension, ‘

B.6.2 Power

phase source,

- B.6.3 Environmental

— Aoy

The capability shall exist to start, stop or reset the DCU under remote

Mechanical, Power and Environmental Specifications

The DCU shall be designed to be mounted on standard size (19 inch)

The DCU shall operate from a 110 VAC + 5 percent, 15 amp, single

The DCU shall operate under the following environment conditions:

Temperature: 0° to 50° C.

Relative Humidity: 0 to 90 percent (without condensation).
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Appendix C

ANALYSIS OF PROBABILITY OF OCCURRENCE OF
RETRANSMISSION REQUESTS “

C.1 General

Table 5 of Ref, 6 contains a summary of error performances of 28
selected NASCOM data circuits during the three month period beginning
February 1, 1967. The test was run using the Western Electric data modem
Model 205B over communication channels similar to those which will be install-
ed to Quito and Santiago. The average bit error rate obs-erved over this period
(which represented a total of 1380 hours of testing) was 1.77 X 10~ 5. Except
for two circuits between Corpus Christi and NASA/GSFC all other circuits
either originated or terminated outside the continental United States.

In analyzing the probability of retransmission requests we will
assume that the bit error rate of the channel is 1.77 X 10~ 3 and that there
is no bursting of errors. This latter assumption is actually a worst case
assumption since it tends to spread the bit errors over many blocks rather
than clustering them in a relatively few blocks.

Retransmission requests could be handled in a number of different
ways. Two ways that immediately present themselves are the following:

1. Upon detecting an incorrectly encoded block (or a correctly
encoded block with an unproper sequence number) the
receiving terminal will transmit a retransmission request
and will then ignore all subsequently received block until
it receives a properly encoeded block with the correct |
‘sequence number, or

2. Upon detecting an incorrectly encoded block (incorrect check-
bits or sequence number) the receiving terminal will transmit
a retransmission request but will continue to decode all
incoming blocks. When the requested block is repeated and
correctly received back at the receiving terminal, the
computer at the receiving terminal will then insert the repeat-
ed block in front of the other blocks that were correctly
received during the processing of the retransmission request.
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The latter procedure is somewhat more efficient from a data transrhission
Staridpoint but it does greatly complicate the software at both the tranSmitting ,
and receiving terminals. Due to the fact that the probability of an error in ‘
a block is quite low there appears to be little justification of this added
complexity, For this reason it is suggested that the first procedure be
implemented, '
Whenever a retransmission request is received back at a remote site
the AD/ECS-37 will immediately terminate whatever block it is currently
transmitting ‘and will initiate a retransmission of the requested biock following

the block initially received in error.

C.2 Analysis of Optimum Data Block Length

For the purpose of analyzing the optimum size block length of the
format described in Sec. 5.2.1, let us assume that the average delay
between the completion of the transmission of a given block and the time that
a retransmission request is received, decoded and recognized for that same
block is 0.5 seconds. Because of the NASCOM header and DTS sync bits the
communication channel can only accept 1792 bits/s from the AD/ ECS
computer. The data blocks transferred from the AD/ECS to DTS encoder will
be an integral number (N) of 16 bit words Whére 8 £ N = 64. The header
information and error detection.checkbits will require 6 16 bit words in each
of these blocks. If there were no retransmission requests then the actual

information transfer rate over the line would be

16 (N - 6)

« )
16N 1792 bits/ s

" However, ’Wh'enéver an error occurs the block in error must be
repeated' along with 1/2 second of data transmitted following the block in
error. The probability p(N) that a block composed of N 16 bit words
will contain one or more bit errors if we assume a binary symmetric channel -

. \
with bit error rate; €, is simply
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p) = 1- (- T 16N for 16N <<+ (C-1)

If no errors occur in the transmission the time required to transmit
an N word block over the communication channel is 16N/1792 seconds. If an
error -were to occur on the first transmission of a block and if the block were
received correcily on fhe first retransmission then the total time that the
communication éir(;ui}: devoted to that block is (2 X 16N/1792) + 0.5 sec.
Since the i)it'efrér rate is qﬁiée low we will neglect the effect of multiple
block retransmissions. The average time required for an N word block to be

successfully transmitted is

16N 32N 1 )
1799 T (16NO)- (1792+2) (C-2)

T(N) = (1-16Ne¢) - (

Since each correctly received N word block contains 16(N-6) in?
formation bits, the average rate, R(N), at which correctly transmitted data

is received at the OAQO control center is

R(N) = 16N 18 (N-18) 39N 1 (C-3a)
(1 16N¢) (1,792) + 16Ne¢ (1792 + 2)
. (N-86) - 1792 .
N (1+16Ne¢ + 896¢) (C-3Db)
-5
For e = 1.77 X 10 we have
1792 (N - 6) (-4

R(N) = -4
~ N (101585 + 2,83 X 10 'N)
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To find the optimum block size we set -gr% = 0 and solve for N.
From this computation we find NOPT = 152. However, because of format

constraints 8 £ N < 64, Thus the optimum block length subject to this con-

straint is 1024 bits or 64 16 bit words. |

C.3 Average Effective Information Bandwidth

The average effective data transmission rate of information from the
remote site to the OAO Central Control Center can be found from Eq. C-4.
For N = 64 this yields an average information transfer rate of 1570 bits/s.
This figure includes the effect of: (1) the DTS formatting overhead; (2) the
additional overhead imposed by the format described in ''Data Block Format"
on page 29; and (3) the effect éf'transmission errors assuming a bit error

rate of 1.77 X 10 5, ‘
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